Abstract Examination is a cornerstone in the manual procedures leading to mobilisation/manipulation of the low back. The observer variation of the more specific segmental tests remains to be investigated. Two skilled specialists in manual medicine examined the segmental changes in the lumbar spine. The patients were unknown to the examiners and no information of the case history was given. All test results were recorded by an observer present in the room who ensured that no conversation was allowed during the examination. The primary outcome measures were the kappa values for each test. The matching was defined as acceptable (acc) within two neighbouring levels and perfect (per) on the same level. Intra-observer variation (tested in 33 patients and 10 subjects without low-back pain): The agreement between first and second segmental diagnosis examination was 70% (per) and 82% (per + acc). 
Introduction
In most cases, chronic low-back pain (LBP) is regarded as non-specific [14] . Even so, it is generally agreed that it is very important for the course of the disease that the patient feels reassured by a thorough examination [10] . However, the clinical examination is difficult with a very varying reproducibility of key elements of the objective evaluation of the patient [3] .
More specialised tests for localised tension and reduced mobility have not been similarly successful [3, 4, 16] although the results may improve with specialisation of the examiners [17, 20] . Very few results have been presented to support the possibility of an exact clinical diagnosis of a more specific pathology in the low back [21] . To a certain degree, this contrasts the fact that segmental manipulation based on such examination is a well accepted and effective therapy of LBP [8, 23] .
The aim of this study was to test the observer variation of the manual clinical examination of the lumbar spine with regard to specific segmental tests.
Materials and methods

Subjects
The general practitioners in the district were asked to refer patients with chronic LBP to the LBP out-patients' clinic at the Department of Rheumatology, Frederiksberg Hospital.
The criteria of inclusion were: age between 18 and 60 and LBP for more than 1 month. The criteria of exclusion were: clinical signs of an acute disc herniation, inflammatory disease including Bechterew's disease, ongoing insurance claim, significant medical disease, intellectual or language problems. The patients were consecutively enrolled in the two parts of the study. In the intra-observer study, volunteers from the Department participated as healthy controls.
Methods
The manual examination focused mainly on segmental hypomobility and abnormal muscle tension (summarised in the phrase 'dysfunction'), while verbal pain reactions were not tested for due to the blinding of the investigator. The investigators were only allowed to describe a given test as normal or abnormal (binary data). All subjects were tested for the same signs of lumbar involvement [7] :
Standing: trunk side bending, flexion, 'stork test' Supine: pelvic girdle (clockwise and counter clockwise rotation)
Prone: lumbar spring-test with palpation of the interspinous movement and multifidus test (Fig. 1) Positioned on the side with the front to the examiner: extension, flexion, and rotation tested by palpation of movement of neighbouring segments (Fig. 1) .
The tests included the segments Th12-L1, L1-L2, L2-L3, L3-L4, L4-L5, and L5-S1. In the intra-observer part of the study, the segmental level was defined by the examiner separately at each test. In the inter-observer part of the study, the processus spinosi of L1 and L5 were marked with red ink by the first examiner to diminish the variation due to different interpretation of the spinous level.
After the tests, the investigator was asked to summarise his observations into one final diagnosis of the most pronounced segmental disturbance.
Intra-observer reliability
For the study of intra-tester variation, healthy controls from the staff unknown to the tester were recruited. A total of 33 patients and 10 controls (10 male and 23 female participants, mean age 45 years, range 21-61 years) were tested in groups of 3-4 participants at a time. The investigator (J.L.) was blindfolded ( Fig. 2) and tested all subjects twice in random succession. Another investigator took down notes of the examinations and made certain that the blindfolding was stable during the tests. No conversation was allowed during the examination and all instructions were given by the assistant. The tests only included palpation: flexion/extension/rotation with the subject positioned on the side and prone, and multifidus test.
Inter-observer reliability A total of 60 patients were tested in separate rooms by two investigators in random succession.
During the examinations, no conversation was allowed except instructions of positioning and manoeuvres of the patient. An investigator who did not participate in the examination was present in the room during the procedure and took down notes of the results.
The patients were all unknown to the investigators performing the examinations.
Statistics
Perfect agreement (per) was defined as positive result on the same segmental level whereas acceptable agreement (acc) was defined as positive result on neighbouring segmental levels. Kappa statistics were performed including the results of each of the six segments (Fig. 3) . The kappa values were evaluated as reasonable over 0.4, good over 0.6, and excellent over 0.8.
Ethical considerations
The local ethical committee approved the study.
Results
Intra-observer variation
The agreement between first and second examinations was 70% (per) and 82% (per + acc). Kappa values by the two definitions of matching are shown in Table 1 .
All kappa values were in the acceptable range. The most reproducible was the final diagnosis while ventral flexion (patient lying on the side) had the least reproducible results.
All patients but one had dysfunctions at certain levels; however, also, eight of ten of the healthy control subjects with no history of sick leave for LBP had a dysfunction diagnosed.
Inter-observer variation
The agreement between the examiner A and B was 42% (per) and 75% (per + acc). The kappa values are given (shown) in Table 2 . A skewness of the diagnostic pattern was noted between the two examiners with a difference in the most often observed level of diagnosis (Fig. 4) .
Discussion
In the present study, skilled examiners were able to identify the same segmental level of spinal dysfunction in the lumbar spine by manual investigation in the main part of the patients with chronic LBP. The level was very reproducible in the intra-observer study and was within acceptable ranges for inter-observer variation. Some differences might have been due to a discrepancy in the reporting of the level of testing. This was indicated by the many diagnoses on neighbouring segments in the inter-observer part of the study, here given as acceptable values for segmental diagnoses. In several previous studies, observer variation in low-back examination has been tested with very varying kappa values according to the techniques applied. Values as high as 0.80 or more have been associated with more general diagnoses of dysfunction [19, 21] , while low to moderate results in the range below 0.50 and even negative values have been reported of the more specific segmental examination [5, 18] . The present study Fig. 4 The final diagnosis of segmental changes by examiners A and B. The diagnosis had to be chosen at one of the levels between Th12/L1 and L5/S1
put the manual skills to a further and more elaborate test employing investigators who had been working together for years, using parallel techniques. The investigators were not allowed any information from the patient about the nature of the back problem. Thus, the diagnosis of a certain segmental dysfunction as well as the final segmental diagnosis was based on the manual examination only. In the intra-observer part of the study, the investigator found segmental dysfunctions in almost all participants without differences between patients and control subjects. According to the investigator, the dysfunctions in some of the controls were quite pronounced corresponding to severe mobility problems at this level of the back. This may be interpreted in several ways. Some of the controls might not be healthy persons, but rather 'nonpatients', who either disregard the troubles of their back, or for some reason, do not react with pain to this back-disorder. The observation of dysfunctions in practically all subjects in this age group is in agreement with the frequent signs of degeneration in the spine [1] . It also stresses the importance of a careful analysis of the case history in comparison with objective signs of back pathology before any intervention is offered to a patient. With the possible exception of herniated discs, very few cases of chronic LBP may be fully clarified by imaging techniques. As a consequence, therapeutic measures are mostly recommended as generalised intervention as e.g. training exercises or behavioural back school [12, 22] . Manipulation directed against specific dysfunctions in the low back is widely used and reported by the patients to be of a definite value in the therapy of LBP [15] .
A prerequisite for specific therapy of segmental dysfunction in the spine would be a reproducible diagnosis of the segmental level against which to direct the therapy. This could not be concluded from a previous test of precise diagnosis of segmental dysfunctions because of low to moderate kappa values in the range 0.27-0.47 [5] . Although a significant inter-observer association was demonstrated, the two examiners had somewhat different approaches to the examination as exemplified by the systematic variation in the levels of diagnosis, which is also experienced in former studies [5, 8] . This is reflected in the clinical experience of different treatment strategies, and as long as no 'bottom line' method for examination has been found, no general guidelines for manual therapy can be given.
The interest in the multifidus muscles is increasing with several studies suggesting a specific role of this muscle in the pathogenesis of back pain [9, 11] . In the present study, a simple manual estimate of muscle tension gave remarkably good kappa value for the intraobserver test with a reasonably acceptable value for the inter-observer kappa. This test points towards a specific contraction of this muscle in the affected area. The contraction may be secondary to a number of painful changes occurring in the spine and cannot be taken into account for any specific disease mechanism. However, an objective determination of the specific level of pain and muscle dysfunction might increase the specificity of studies of multifidus, which have hitherto reported moderate changes in the average size of the multifidus muscle at only one level in patients with LBP [2, 9] .
The present study was conducted to test if a consensus of diagnosis could be reached by palpatory examination only. The positive results are in some contrast to previous studies of the clinical examination of, e.g. sacroiliac joints, which have come to the conclusion that pain provoking tests are superior to other kinds of examination [13] . Studies of the examination of the lumbar spine have reported varying results [6, 21] . In most cases, a high degree of inter-observer variation has questioned the validity of the tests. In our study, the intra-and inter-observer variations were in the same range. It should be realised that the present results were obtained with observers with more than 20 years of experience in the examination of the low back and with years of coordination between them in a specialised clinic.
The manual examination of the lumbar spine may add new aspects to the study of diagnosis and intervention. However, it is still to be clarified which structures are involved in a dysfunction. Although a multifidus tension in this segment might indicate a pain reaction, a meaningfulness of the findings is weakened by the fact that such tension also exists in subjects without LBP. It will require further studies using the specific segmental diagnosis preferably in patients with shorter lasting LBP to demonstrate any importance per se of a specific diagnosis and of therapies directed against these dysfunctions.
